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Hi stor.ioal In troduo tion 
The sec:cetions and secretory systems of the Cardu-
a,ceae, .Alnbrosiaceae and Cichoriaoeae (Oomposi tae) have 
been the object of research of many investigators. Some 
of these have been impelled by the purely scientific 
aspects of the subject and others by the possibility of 
finding new sources of products of economic importance. 
Early mention of the secretory system of the Oompo-
si tae in botanical literature was ma.a.e by Treoul (1862), 
who distinguished between the secretory canals and la-'Gex. 
vessels by the faot that the latter were limited by 
their O\nt walls while the former were interoellula:r spaces 
without any such layer. He also mentioned ·the occurrence 
of endodermal secretion canals in the Tubuliferae repre- · 
sented by Vernonia praeal ta. 
Muller (1866-67) confirmed the opinion that the 
secretory canals were interoellular spaces. In dealing 
,vi th the Oompoai tae he says of Inula helenium that it is 
distinguished by large passages in the pith containing 
ethereal oils and the occurrence of smaller passages in 
the cortex. 
Van Tieghem (1885) has shown that secretory canals 
a.re of common ooourrenoe throughout the Oomposi tae and· 
he em-phasized the fact that in roots they are foi--rned in 
close association \Vi th the endoclermis. Van Tieghem 
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states that in the Compositae the secretory system has 
three different forms: (1) oil-bea~ing canals (2) lati-
ciferous cells uniting in a network and (3) isolated, 
long resiniferous cells; also that, aside from certain 
transitional forms, "Lea Radiees et les Labiatiflorcs" 
ha.\rG only oil-bearing canals, the Liguliflores have 011.ly 
anastornosing latex tubes, while ·the Tubuliflores, for 
the most part at least, have both oil-bearing oanals e.,nd 
isolated resiniferous oells. Van Tieghem discussed the 
difference between the secretory canals of the stem and 
· root. He held that the outstanding difference between 
the two was, that in the stem the canals were surrounded 
by speoiali zed cells, ,vhile in -the case of the root they 
were considered to be merely interoellular snaces formed 
in close association with the endodermis. He has record-
ed Ambrosia trifida as having secretion canals at JGhe 
external border of each vascular bundle at the union of 
·the pericyole with the phloem. These canals are consid-
ered by him to belong to the phloem. 
Triebel (1885) gave a description. of the develop-
ment of the oil canals in the roots of a few members of 
the Compositae. He found that the formation of the ca-
nals was a1ways preceded by the tangential division of 
the endodermal cells 01T9osi te the phloe1I1 1 tho oa.nals 
beginning as minute interoellule.,:r S"pa.oes c\t the junction 
of the radial and newly formed tangential walls. These 
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oa..Y1als became filled. with drops of almost colourless 
oil at a very early stage. The cells surrounding the 
oil canals had thinner walls and were much shorter than 
those of the .cortex proper, -~hey were meristematio in 
appearance, being filled with dense protoplasm. He con-
sidered that these cells probably played an important 
part in the secretion of the oil in the canals. The oil 
was termed an ethereal oil, a conclusion based on the 
folloi,1ing facts: (1) that most of the plants examined 
had a characteristic smell (2) that the oil was soluble 
in alcohol (3) and that it stained with alkanet. 
Col (1899-1904} studied the secretory apparatus 
mainly from the point of· vie\v of the clasaifica.tion of 
the group. He brings to light the following main facts: 
(1) a survey of the secreting apparatus of the different 
·tribes of the Oomposi tae sho\vs that acco:rcling -to the 
~hyllogenetio progression one finds a gradual replace-
ment of secretion canals by a laticife:rous systern, how-
ever the tr8l1sition is not an eql.l.B.l gradation in the 
roo-'Gs, stems and rhizomes. The transl tion ta.lees pla.oe 
:i.::lrs·t in stems, then in rhizomes and roots. (2) Secre-
tion sacs or pockets are simply reduced seore·tion canals, 
differing only in longitudinal extent. (3) ~~ere are 
really only t,vo forms of internal secreting apparatus 
in the Oomposi ta.a, the oanals and anastomosing latex 
tubes. The ocourrenoe of sacs or pockets and of soli-
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ta:ry tubes more or less branching is evidence of either 
advanoing or regressive evolution. Ool also distinguished 
three classes of secreting apparatus (1) anastomosing 
latex vessels (2) secretory canals (3) isolated cells 
which secrete latex. 
Work by Tsohiroh (1906-1934) on resins was, for the 
most part, concerned with the resin and resin ducts of 
the Coniferae, however, ,his observations included some 
on -the secretory canals of Composi tae. He concluded, as 
a result of this work that resin formation in the Conif-
erae took place in wha.t he termed a lfresinogener Schioht" 
which he found lining the canals. He considered that 
the same layer was present in the secretory canals of 
the Oomposi tae, but he called this a f1Schleimschioht 11 
or mucilage layer, and it was this layer ·that 'vvas sup-
posed to excrete the resin into the canal. He consider-
ed ·that the young resin canals were filled with mucilage 
before any resin is secreted and that the older secre-
tion canals were lined somewhat evenly ,vith mucile..ge. 
In this layer numerous droplets of the secretion ~vere 
·bhiokly embedded and the cavity surrounded by the muci-
lage layer contained the most of the secretion. Tsohiroh 
was of the opinion that the secretion of resin droplets 
takes place only in the resin CB.J.~als and not in the 
epithele cells. 
Moenike 1s (1924) chief object in his research was 
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to clear up the forrnation of secretions in the Umbellif-
erae, Com~9osi tae a.Yld Aralia.ocae, and ·t;o prove up on 
Tsohj_roh 1 s idea of there being a resinogenous layer, and 
that the secretion does not occur in the epithele cells 
but in the resin canals. He considers that there is no 
resinogenous layer ln eny of the above-mentioned families. 
Moenike did not observe a mucilage layer in the ,canals 
of Compositae. He held that the epithele cells do con-
"ta.in resin droplets although extraordinarily minute. By 
chemical and solubility tests he shO\vs that the drop1e-~s 
in the epithele cells and the resin in the canals are 
the same substance, and so concludes that the resin is 
secreted in the epi thele cells and then transferred to 
the canals. Moenike does not know how the droplets get 
through the wall of the epithele cells when they are 
excreted into the resin canals. He finds droplets of 
· the secretion adhering to the walls bordering the resin 
canal just '\Vhere the droplets accumulate in the epithele 
cells. Another object of Moenike was to determine the 
nature of the secretions in the secre·tion canals of the 
roots of the Umbellif erae, Oomposi tae and Aralia.oeae'. 
Tetley (1925) in more recent work on the roots of 
the Oompositae has discussed the formation of the canals 
and attempted an interpretation of her observations in 
the llght of wor1c which has been done on the endodermis. 
-s-
She classifies the secretion canals in the roots into 
two main groups (1) endodermal, and (2) non--endodermal. 
The canals are said to be invariably formed opposite 
the phloem in very early stages. Michroohemical studies 
of the secretion are discussed. She considers ·the sapon-
ifioation test which Moenike used as unfeasible due to 
the minute quantity of substance secreted. wi ·thin. the 
oells. However, she concludes that in developmental 
stages the secretion is a fatty substance ,vi th the nature 
of an unsaturated drying oil. Various theories of the 
method of deposition of the secretion in the canals are 
discussed, ai.,d she concludes that the fat is released 
during the differentiation of the phloem, frQrn which it 
passes outwe.,rcls across the endoder:iiis by way of the radial 
walls to the endodermal canals in which it is deposited. 
Lloyd (U332) in an· investigation. of oaoutohouo · in 
Par·thenium arge1rtatwr1 discusses poss:i.hle uses of the 
secretion to the plant. He feels that very little evi- · 
dence has been shmr.a for i-t;s beine; used in the metabolic 
processes of the plant or as a..~ aid to drought resistance. 
Whitaker, (i922) in the stuo.y of the anatomy of 
certain golden rods states, "Another point of interest, 
whioh is of course a common anatomical character of the 
Tubuliflorae is the presence of oil canals in the pith 
and cortex, or in both.•~ 
Comparative Anatomy of the Internal 




Latex tubes are scattered throughout the phloem 
and cortex. 
Stem. 
Latex tubes occur in the phloem and on the inside 
of, and lying in contact with, a slightly suberized 
endodermis. The suberized endodermal cells are decid-
edly tangentially.:flattened. 
Latex tubes are also found in the pith in associ-
ation with isolated groups of phloem. 
Leaf. 
Latex tubes are found below each of the veins and 
in the midrib. Those associated with the veins are in 
contact with the phloem. In the midrib the tubes are 
next to the group of primary hard bast beneath the 
phloem. 
Ambrosia elatior L. 
Root. 
Relatively small incons picuou-s canals a vera.ging 
.015 mm. in cross diameter are found in the inner cor-
-s-
tex, being more numerous radially opposite the phloem 
strands. 
Stem. 
Canals averaging .015 nnn. in cross diameter occur 
within the stem cortex lying alternate with the groups 
of primary hard bast (Plate III, Fig. 5). 
Leaf. 
No specialized secretory system is present. 
Ambrosia_trifida. 
Root. 
Numerous canals without a differentiated epithele 
cell layer are found in the inner cortex and phloem 
which average .015 mm. in cross diameter (Plate I, Fig. 
2) • Those of' the inner cortex of the root are grouped 
radially opposite the phloem strands. 
Stem. 
Canals are in the cortex, phloem and pith. Those 
of the cortex are comparatively few, numbering from 
four to five as seen in cross section. The average 
canal is .03 mm. in cross diameter and is surrounded 
with approximately two rows of secreting cells. 
Canals of the phloem are very inconspicuous, as 
their epithele cells are about the same size and shape 
as the cells of the surrounding phloem parenohyma. The 
cane.ls average .007 mm. in cross diameter and there may 
be from one to several canals wit~in the phloem of each 
bundle. 
In the pith the canals are located near the proto-
xylem points at the inner margin of the rays and are 
comparatively small, averaging .009 mm. in cross diam-
eter. They have a definite epithele cell layer composed 
of from five to eight cells. 
Leaf. 
Canals are found in the midrib only, one in the 
ground tissue and several in the phloem. The one occur-
ring in the ground tissue is similar to those in the 
stem cortex. Its position is below the central vascu-
lar bundle. Around this canal are two to three layers 
of secreting cells which are filled with a dark brown 
substance. These canals average .02 mm. in cross diam-
eter. The canals of the phloem are quite small and ob-
scure, averaging .01 mm. ·in cross diameter. There are 




There is a suberized endodermis but no specialized 
secretory system is present. 
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Stem. 
The canals., averaging .05 mm. in cross diameter, 
occur within the cortex only and often lie in an in-
dentation of the endodermis. They have a. definite epi-
thelium with some cells joined with the suberized endo-
dermis. 
Leaf. 
One canal occurs beneath each of the larger veins 
of the leaf blade and one in the ground tissue of the 
midrib (Plate V, Fig. 3), those below the veins having 
their epithelium cells in contact with the phloem. An 
average canal of the midrib is .05 mm. in cross die.m-
eter and an average canal of the mesophyll is .03 mm. 
in cross diameter. The single canal of the midrib has 
the same position in relation to the phloem as have the 
canals beneath the veins. 
Aster a.zureus. 
Root. 
Canals averaging .012 mm. in cross diameter are 
found located radially opposite the phloem, their epi-
thelium cells lying in contact with the suberized endo-
dermis. 
Stem. 




Only one canal is found in the leaf, -lying in the 
ground tissue on the lower side of the vascular bundle 
of the midrib. The average cross diameter was .003 mm. 
Aster ericoides. 
Root. 
The·re is no specialized secretory system. 
Stem. 
Canals averaging .03 mm. in cross diameter occur 
in the stem cortex with their epithelium cells lying 
in contact with a suberized endodermis. 
Leaf. 
Canals are present in both midrib and mesophyll, 
those of the mesophyll abva.ys occurring s:i.ngly below a 
larger vein. Only one canal is found in the midrib, 
near the phloem in the ground tissue. Average canals 
of the leaf are .02 mm. in breadth. 
Rhizome. 
A specialized secretory system is lacking. 
Aster Drummondii. 
Root. 




No specialized secretory system is in evidence. 
Leaf. 
There is no specialized secretory system. 
Rhizome. 
There are canals averaging .045 mm. in cross die.m-




A specialized secretory system does not occur. 
Stem. 
Canals are found in the cortex and pith. The cor-
tical canals are irregularly dispersed within the inner 
cortex, and are comparatively numerous but relatively 
small, averaging .02 mm. in cross diameter. The epi-
thelium cells are not different in shape and size from 
the other cortical cells; however, from one to three 
rows of the adjacent cortex cells contain a dark brown 
substance which marks very conspicuously the position 
of the canals (Plate II, Fig. 1). 
The canals of the pith are very sparce and rela-
tivel~ inconspicuous, excepting for the fact that their 
epithelium cells also contain a dark brown substance. 
The canals average .Ol mm. in cross diameter and are 
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surrounded with four or five epithele cells. They oc-
cur close to the protoxylem points. 
Leaf. 
Comparatively small canals averaging .003 mm. in 
cross d~ameter occur singly on the lower side of the 
veins and the midrib. These are . made c9nspicuous by 
the presence of a dark brown substance found in the 
epithelium cells. These cells always follow the veins 
of a leaf, as is plainly apparent in bleached leaves, 
whether or not a canal is formed. 
Bidens involucrata. 
Root. 
Several relatively inconspicuous canals averaging 
.015 mm. in cross diameter are found in the inner cor-
tex. 
Stem. 
Canals occur in cortex and pith. The canals of 
the cortex are quite ·similar to those of Bidens frondosa, 
but occur radially opposite the rays. The canals aver-
age .01 mm. in cross diameter and are surrounded with 
from one to three rows of cells containing a dark brown 
substance. These cells do not form a well-differenti-
ated epithelium but have the shape and appearance of the 
other cortical cells. 
-14.:. 
The pith canals are not so closely associated with 
the protoxylem points as in Bidens frondosa but do lie 
in the outer part of the pith cylinder. These have a 
comparatively definite epithelium of from four to seven 
somewhat four-sided cells. · 
Leaf. 
Secreting cells with dark brown contents are found 
conspicuous in the mesophyll and midrib of this species 
as 'was the case in Bidens frondosa. The canals of the 
· midrib are dispersed through the ground tissue with a 
somewhat definite arrangement in relation to the vascu-
lar system. Where the secreting cells surround a defi-
nite canal they average .005 mm. in cross diameter. 
Boltonia latisqua.ma. 
Root. 
There are all told five canals which. average .015 
mm. in cross diameter, occurring singly and radially 
opposite a phloem group, and one to three cells of the 
suberized endodermis compose a part of the epithelium. 
Stem. 
The only canals present in the stem are located in 
the cortex, These are comparatively large, averaging 
,045 mm. in cross.diameter. The epithelium lies in 
contact with a suberized endodermis. These canals 
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number from one to four in the cortex, alternating tan-
gentially with several large groups of primary bast 
fibers. 
Leaf. 
The canals (or pockets} are relatively conspicuous 
and numerous in the leaf blade (Plate~, Fig. 6). These 
average .04 mm. in cross diameter and are found singly 
below a vein in each case, and often are larger than 
the veins with which they are associated. A single ca-
nal averaging .04 mm. in cross diameter is found in the 
ground tissue on the lower side of the vascular bundle 
of the midrib. 
Rhizome. 
Comparatively large secretion pockets averaging 
.15 mm. in cross diameter are found within the cortical 
and pith region of the thickened rootstock. These ex-
tend longitudinally approximately .15 mm. 
Erigeron eanadensis. 
Root. 
Very inconspicuous canals, .015 mm. in cross diam-
eter occur in the root radially opposite the phloem 
within the inner cortex. 
Stem. 
Canals occur in both cortex and pith. The epi-
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thelium of the cortical canals lies against the suber-
ized endodermis. An average canal is .04 mm. in cross 
diameter (Plate III, Fig. 1) • 
. Those canals occurring in the pith are comparative-
ly few and are dispersed throughout the entire pith 
cylinder. Each canal is -surrounded by several layers of 
secreting cells. The canals are relatively small, aver-
aging .-012 mm. in breadth. 
Leaf. 
Very conspicuous canals averaging .09 mm. in cross 
diameter occur below the veins, where these are located 
the leaf is decidedly swollen, especially at the mar-
gins (Plate V, Fig. 8). A single canal occurs in the 
ground tissue below the vascular bundle of the midrib. 
Erigeron ramosus. 
Root. 
Canals averaging .018 mm. in cross diameter are 
found radially opposite the phloem groups. These occur 
in association with a slightly suberized endodermis, 
the endodermis furnishing the inside boundary of the 
intercellular space. 
Stem. 
Canals are found only in the cortex lying against 
a suberized endodermis. These canals are often compar-
-17-
atively inconspicuous from being somewhat tangentially 
flattened. The average canal is .02 mm. in cross diam-
eter. An epithelium surrounds each canal, lying immedi-
ately in contact with the endodermis. These canals are 
usually radially opposite the groups of primary hard 
bast and ·vascular bundles. 
Leaf. 
Canals averaging .015 mm. in cross diameter are 
associated with the vascular bundle of the midrib and 
with the larger veins, a single canal occurring· on the 
lower side near the phloem in each case. 
Eupatoriu.m altissimum. 
Root. 
Several comparatively small canals surrounded by 
four to five epithelium cells are seen in the inner 
cortex. These average .02 mm. in cross diameter. 
Stem • 
. Fairly conspicuous canals averaging ~.05 mm. in 
diameter, are found only in the cortex alternate with 
the primary hard be.st groups which are opposite the 
vascular bundles. 
Leaf. 
There are canals averaging .02 mm. in cross diam-
eter in both mesophyll and midrib, laterally to the 
veins in each case. 
-18-
Eupatorium urtj.caefolium •. 
Root. 
There are two to three relatively small inconspic-
uous cane.ls:averaging .015 mm. in breadth, occurring 
radially opposite each phloem group. 
Stem. 
Canals occur in the cortex and pith. The cane.ls 
of the cortex are found radially opposite the medullary 
rays and in depressions between the groups of primary 
hard bast. The canals are relatively inconspicuous be-
cause they and their epithelium cells are approximately 
the same size and shape as the surrounding cortical 
cells. An average canal is .015 mm. in breadth. The 
innermost epithelium cells are in contact with a suber-
ized en.dodermis. 
In the pith the canals are located indefinitely 
through the outer region of the pith and are similar to 
those of the cortex in size and shape. 
Leaf. 
Several comparatively inconspicuous canals occur 
in the ground tissue above and below the vascular 
bundle of the midrib. ~Phese have no well-differentiated 
epithelium layer and average .01 mm. in breadth; also, 





No specialized secretory system is present. 
Stem. 
Canals are infrequent and occur only opposite the 
hard be.st in the cortex, with innermost epithelium 
cells in contact with the definitely suberized endo-
dermis. The average 'canal is approximately .03 mm. in 
breadth. In older stems these canals are very ha.rd to 
find because of the tangentially -flattened epithelium 
cells and canals. 
Leaf. 
Relatively large and conspicuous canals, averaging 
.06 mm. in cross diameter , are associated with the veins 
on the lower side near the phloem. A single canal 
approximately .03 mm. in breadth is embedded in the 
ground tissue_ of the midrib on the lower side. 
Rhizome. 
,Cana.ls averaging .06 mm. in breadth are found ly-
ing radially oppo·site the phloem groups and in contact 
with a suberized endodermis. 
Galina oga cilia ta. 
Root. 
No specialized secretory system is present. 
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Stem. 
Canals averaging .006 mm. in breadth are found in 
the cortex. These are relatively in.conspicuous_ because 
they and their epithelium cells are approximately the 
same size and shape as the surrounding cortical cells. 
Leaf. 
Canals .averaging _ .oos mm. in cross diameter occur 
singly above the veins and midrib. 
Grindelia squarrosa. 
Root. 
No specialized secretory system is to be seen. 
Stem. 
Cana.ls are found only in the cortex in slight in-
dentations of the suberized endodermis. They are quite 
inconspicuous, averaging .03 mm. in cross diameter and 
having no definite epithelium cell-layer. The canals 
are somewhat tangentially flattened against the endo-
dermis. They occur opposite the primary hard bast 
which in turn is opposite the vascular bundles. 
Leaf. 
Canals averaging .o4 mm. in cross diameter are 
located below a few of the larger veins near the phloem. 
In the midrib a single canal of a.bout the same size as 





Tangentially flattened canals .averaging .04 mm. in 
breadth are found in the cortex with their epithelium 
lying in contact with a suberized endodermis. One or 
more are found to occur radially opposite the phloem 
groups. 
Stem. 
The canals are found in the cortex and pith. Those 
of the cortex are comparatively large, averaging .os mm. 
in cross diameter, and are dispersed through the corti-
cal parenchyma with no definite position in relation to 
the vascular bundles. The epithelium cells have about 
the same shape as the surrounding cortical cells. 
In the pith the canals are dispersed near its periph-
ery and are much smaller than those of the cortex, aver-
aging .015 mm. in breadth. They have a very definite 
epithelium layer composed of rectangular cells. 
Leaf. 
The canals, averaging .04 mm. in diameter, are 
associated with both the veins and the midrib., occur-
ring singly above the veins., and in the midrib there 
are eight canals dispersed within the ground tissue of 




Numerous comparatively inconspicuous canals aver-
aging .015 mm. in breadth occur within the inner cor-
tex radially opposite the phloem. These lie in contact 
with the endodermis. 
Stem. 
Canals are found in the cortex, phloem and pith. 
r11hose of the cortex are relatively large, averaging • 09 
mm. in breadth, Vfhile some are as large as .2 mm. ( Plate 
II, Fig. 3). They are dispersed in the cortex, some-
times opposite the vascular bundles, and again opposite 
a ray. The epithelium is very pronounced., with compar-
atively large rectangular cells. 
The canals of the phloem also are larger than 
those in the phloem of most other species, averaging 
.012 mm. in breadth. Several canals may be· found in 
ea.ch phloem group., each with a definite epithelium 
(Plate II, Figs. 2 and 3). 
In the pith the canals are fairly evenly dispersed 
throughout the entire ·pith cylinder. These are also 
relatively large, averaging .04 mm. in cross diameter, 
and have a definite epithelium layer with decidedly 
tangentially flattened cells. 
Leaf • 
. Canals are found above the veins and in the ground 
tissue and phloem of the .midrib, those above the veins 
and in the midrib ground tissue averaging .03 mm. in 
breadth while in the midrib phloem an average canal is 
.015 mm. in breadth. In the midrib there are four 
canals located below the three me.in vascular bundles, 
and the phloem of each vascular bundle may have several 
canals (Plate V, Fig. 7). 
Rhizome. 
Canals .are found in both cortex and pith; those of 
the cortex are comparatively large, averaging • 06 mm. 
in cross diameter (Plate IV, Fig. 3). The canals of 
the pith· are dispersed throughou.t the pith cylinder 
with an average cross diameter of .02 mm. 
Helianthus salicifolius. 
Root. 
There are several tangentially flattened canals in 
the inner cortex which average .04 mm. in breadth. 
These do not have a well-defined epithelium. 
Stem. 
There are numerous comparatively large canals in 
the cortex of the stem and several smaller canals in 
the ~1th. Those located in the pith occur near its 
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periphery but have no particular position in relation to 
the protoxylem points. These average .015 mm. in 
breadth, and have from six to eight epithelium cells. 
The cortical canals average .04 mm. in cross diameter 
and are surrounded with from twenty to twenty-five rec-
tangular epithelium cells. 
Leaf. 
Canals occur in the midrib and above the veins, 
averaging .03 mm. in cross diameter. There are four 
} 
canals located in the ground tissue of the midrib on 
the lower side of the va s cu la. r bundle ( Plate V, Fig. 
These are conspicuous for their well-differentiated, 
triangular epithelium cells. 
Rhizome. 
5). 
Numerous canals forming a broken cylinder are found 
within the inner cortex. The canals group themselves 
most noticeably radially opposite the phloem strands. 
These canals average .03 mm. in breadth while canals 
occurring in the phloem average .05 mm. in breadth. 
Helianthus strumosus. 
Root. 
Numerous comparatively large tangentially flattened 
canals are found scattered within the inner cortex and 
phloem averaging .04 mm. in breadth (Plate I, Fig. 4). 
-25-
The epithelium is not well differentiated. 
Stem. 
Canals occur in the cortex, phloem and pith. The 
canals of the cortex have no, definite location in 
respect to the vascular system. An average canal here 
is .06 mm. in breadth and· is usually somewhat tangential-
ly flattened. These canals have a comparatively pro-
nounced epithelium composed of rectangular cells ( Plate 
II, Fig. 5). 
The phloem canals are relatively small, averaging 
.oo7 mm. in breadth. They each have a definite epi-
thelium. 
The canals of the pith are also comparatively 
small, averaging .008 mm. in cross diameter, but are 
numerous a.nd scattered throughout the pith cylinder. 
Leaf. 
Canals averaging .02 mm. in breadth occur above the 
veins. In the midrib the canals,averaging .04 mn1. 
across,are found in the ground tissue. 
Rhizome. 
There are numerous ~anals within the cortical 
parenehyma and pith of the rhizome. Those of the cor-
tex average .06 mm. in breadth while in the pith the 
canals average .04 mm. in breadth. Canals averaging 




Several canals averaging .015 mm. in breadth are 
found immediately opposite the phloem groups and each 
phloem group has from one to three canals. 
Stem. 
Cana.ls occur in the cortex, phloem and pith of the 
stem. Those in the cortex have no uniform arrangement 
in relation to the vascular system. They usually are 
slightly tangentially flattened and average .o4 mm. in 
breadth. The epithelium is not as pronounced as in 
other species of this genus, though each canal does 
have a definite layer. 
Cana.ls of the phloem occur often two or three to 
a vascular bundle and average .007 mm. in breadth. 
There is a definite epithelium surrounding each ca.~l. 
In the pith the canals are also comparatively 
small, averaging .007 mm. in cross diameter. These 
canals are located in considerable numbers near the 
protoxylem points and their epithelium cells average 
four or five to a canal. 
Leaf. 
In the midrib .canals occur in the ground tissue 
and in the phloem of the vascular bundle. There are 
six canals within the ground tissue averaging .04 mm. 
in breadth. These have a definite arrangement in rela-
tion to the five vascular bundles. The canals in the 
phloem average .012 mm. in breadth. No canals are with 
the veins. 
Rhizome. 
:Numerous relatively- small canals averaging .018 mm. 
in breadth are found in the cortex, pith and phloem. 
Heliopsis scabra. 
Root. 
The canals are relatively inconspicuous, appearing 
as minute intercellu1ar spaces filled with secretion. 
These average .01 mm. in cross diameter and are located 
in the inner cortex. 
Stem. 
Canals averaging .01 mm. in cross diameter occur 
in cortex and pith. They lie in the cortical paren-
chyma between the large groups of primary hard bast 
and opposite a medullary ray in each case. The epi-
thelium is composed of comparatively small cells which 
have in general the same shape as the surrounding cor-
tical parenchyma cells. 
In the pith the canals are similar in shape to 
those of the cortex and are only slightly smaller in 
size, averaging .008 mm. in cross diameter. These are 
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close to the protoxylem points and alternate with them. 
Leaf. 
There are canals below the larger veins and in the 
midrib. Those with the veins average .015 mm. in cross 
diameter. In the ground tissue of the midrib the six 
relatively small canals are dispersed with definite reg-
ularity in relation to the five vascular bundles. An 
average canal of the midrib is .02 mm. in cross diameter. 
Iva ciliata. 
Root. 
No specialized secretory system occurs,. 
Stem. 
The stem of Iva ciliata has canals occurring in 
the cortex only. They are just outside the groups of. 
primary hard bast. They average .04 mm. in cross diam-
eter and have a definite epithelium layer composed of 
rectangular cells. 
Leaf. 
The larger veins of the leaf blade have canals 
located above them averaging .015 mm. in breadth. A 
single canal averaging .015 mm. in breadth occurs above 
the vascular bundle of the midrib. 
Lactuca pulchella. 
Root. 
There are numerous latex tubes occurring in radiat-
ing groups opposite the phloem. 
Stem. 
Latex tubes are found in the cortex and phloem. 
Those of the cortex form a row lying in contact with 
each of the groups of primary hard bast (Plate III, Fig. 
4). 
Leaf. 
Latex tubes occur in association with each of the 
veins and in the ground tissue of the midrib. 
Lepachys columnifera. 
Root. 
Several large secreting pockets are located within 
the inner cortex. These average .06 mm. in breadth. 
Stem. 
The stem of Lepachys columnifera has comparatively 
few and small canals. These occur in the pith only, 
n~ar the protoxylem points. The average canal is .006 
mm. in cross diameter and has relatively small epithel-
ium cells. 
Leaf. 
Canals averaging .015 mm. in breadth are found in 




;Canals appearing as ordinary intercellular spaces, 
because of the similarity of the epithelium cells to 
the cortical cells, are found in groups of three or 
four radially opposite the phloem. ·An average breadth , 
is .04 mm. 
Steni. 
Canals occur in both cortex and pith (Plate III, 
Fig. 3). The canals in the cortex are not numerous and 
are opposite the groups of primary hard bast. They are 
comparatively obscure because they are tangentially 
flattened age.inst the suber:J.zed endodermis. The aver-
age canal is .03 mm. in cross diameter. The epithelium 
layer is composed of relatively small cells. 
Leaf. 
Two canals averaging .ol mm. in breadth occur in 
the ground tissue of the midrib, one above and one be-
low the vascular bundle, and canals averaging .oos mm. 
in cross diameter occur above some of the main veins. 
Rhizome. 
Tangentially flattened canals averaging .06 mm. in 
diameter occur in the inner cortex radially opposite 




There is an average of three canals seen in cross 
section. These lie next to the endodermis and are 
radially opposite the phloem. An average canal is .03 
mm. in breadth. 
Stem. 
Canals found in the stem occur in the cortex only. 
They are comparatively inconspicuous, lying against and 
within an indentation of the undulated primary hard 
bast. The average canal is .015 mm. in breadth and is 
surrounded with from five to seven epithelium cells 
which are not well differentiated from the cortical 
parenchyma. 
Leaf. 
Comparatively inconspic~ous canals averaging .01 
mm. in breadth occur laterally to the veins, while in 
the midrib there is e. canal in the ground tissue on 
each side of the vascular bundle. 
Corm. 
The corm has exceptionally large secretion pockets 
embedded in the parenchymatous tissue, a feature . common 
in this genus (Plate IV, Fig. 5). The pockets, averag-
ing .9 mm. in cross diameter are lined with several 




The canals are similar in position and size to 
those of .Liatris pycnostachya. 
Stem. 
The canals of this species averaging .02 -mm. in 
breadth occur in the cortex only, lying against the 
primary hard bast, and having about the same location 
and size as in the species a.spera and pycnostachya. 
Leaf. 
The location and size of the canals of this species 
are similar to those of Liatris pycnostachya. 
Corm. 




The canals have comparatively no difference in si~e 
and location from those in Liatris pycnostachya and 
punotata. 
Stem. 
Canals are found in the cortex only and average .02 




The canals in position and size resemble those of 
Liatris pycnostachya and punctata. 
Corm. 
Secretion pockets occur like those in Liatris 
pycnostacb.ya and punctata. 
Mesadenia atriplicifolia. 
Root. 
Relatively large canals, averaging .12 mm. in cross 
diameter, one radially opposite ea.ch phloem group, are 
seen in cross section (Plate I, Fig. 6). These are next 
to a suberized endodermis. 
Stem. 
Canals with definite epithelium occur in both cor-
tex and pith. The canals of the cortex are comparative-
ly nu~erous and occur radially opposite a vascular bun-
dle and close to the primary hard bast ( Plate II, Fig. 
6.}. An average canal is .04 mm. in cross diameter. 
Canals occu;;ing at the periphery of the pith cyl-
inder are like those of the cortex in size and shape. 
Leaf. 
Canals occur in both the mesophyll and the midrib, 
averaging .03 mm. in cross diameter. In the midr~b 
there a.re usually from two to four canals at the margins 
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of the phloem, and in the mesophyll canals occur singly 
above and below' the veins. 
Rhizome (tuberous). 
Comparatively large sec·retion pockets averaging 
.os mm. in cross diameter, are found within the cortex 
of the tuberous ·underground stem. 
Pyrrhopappus carolinianus. 
Root. 
Numerous latex tubes are found in the cortex and 
phloem. 
Stem. 
Latex tubes are in the cortex, phloem and pith. 
Those of the cortex are in contact with an endodermis, 
occurring more abundantly radially opposite the vascu-
lar bundles (Plate III, Fig. 2). 
Those of the pith are in association with isolated 
groups of phloem. 
Leaf. 




There is no specialized secretory system. 
Stem. 
No specialized secretory system is present. 
Leaf. 
No specialized secretory system is present. 
Silphium speciosum. 
Root. 
The can.a.ls of young roots averaging .015 mm. in 
breadth form a broken cylinder around the stele, notice-
ably grouping opposite the phloem. 
Stem. 
Cana.ls occur in the cortical parenchyma. opposite 
the medullary rays and in the pith (Plate III, Fig •. 6). 
In the cortex they a.re relatively large and conspicuous, 
averaging .os mm. in breadth •. Comparatively small epi-
thelium cells form a single layer about each canal. 
The canals of the pith occur in the periphery of 
the cylinder. They average .04 mm. in diameter and each 
is surrounded with a definite epithelium. 
Leaf. 
Comparatively minute canals averaging .006 mm. in 
cross diameter occur above the veins. In the midrib 
the canals with triangular epithelium cells are inter-
spersed between the vascular bundles. 
Rhizome. 
Canals averaging .04 mm. in cross diameter and with 
a definite epithelium are found dispersed throughout the 
cortex, phloem and in the outer regions of the pith cyl-
inder {Plate IV, Fig. 2). 
Silphium laciniatum. 
Root. 
Tangentially flattened canals averaging .018 mm. in . . 
cross diameter are quite numerous within the inner cor-
tex. '1.1hey have no well-differentiated epithelium and 
appear simply as intercellular spaces in contact with 
the endodermis. 
Stem. 
In this species also the canals are found in the 
cortex and pith. Those of the cortex are dispersed 
throughout the parenchyma without definite relation to 
the vascular system. They are comparatively numerous 
and large, averaging .os mm. in dis.met.er. Each canal 
has a definite epithelium of rectangular cells. 
In the pith the canals are located at the periphery 
of the cylinder and are much larger than the average of 
other species, being .os mm. in breadth. There is a 
definite epithelium composed of comparatively large cells, 
surrounding each canal. 
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Leaf. 
Outside the midrib; canals averaging .015 mm. in 
cross diameter are usually found one above and one be-
low the larger veins (Plate v, Fig. 4}. Several canals 
averaging .03 mm. in diameter are located in the ground 
tissue surrounding the vascular system of the midrib 
(Plate V, Fig. 2). 
Rhizome. 
Numerous, large, tangentially-flattened secretion 
canals occur in the inner cortex averaging .06 mm. in 
cross diameter. 
Solidago canadenaia gilvocanescens. 
Root. 
Quite conspicuous canals with an average diameter 
of .06 mm. occur singly radially opposite each of the 
phloem groups and in contact with the suberized endo-
dermis. 
Stem. 
There are canals in the cortex and pith of this 
species. The cortical canals lie against the suberized 
endodermis and are tangentially flattened. The epi-
thelium cells differ from the other cortical cells only 
by their relatively small size. An average canal is 
.04 mm. in cross diameter. 
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The canals in the pith are near the protoxylem 
points. They average .05 mm. ~n diameter and have a 
well-differentiated epithelium. 
Leaf. 
All canals are comparatively large, averaging .04 
mm. in diameter. They occur more often below than above 
the veins and those in the ground tissue of the midrib 
are located above and below the vascular bundle (Plate 
V, Fig. 1). 
Rhizome. 
Numerous large canals are found in the cortex and 
pith (Plate IV, Fig. 1). The canals in the cortex lie 
next to a suberized endodermis and average .07 mm. in 
breadth. Those of the pith cylinder lie near the xylem 
and average .09 mm. in diameter. 
Solidago Lindheimeriana. 
Root. • 
The canals, ten in number, averaging .06 mm. in 
diameter, lie within the inner cortex and in associa-
tion with a slightly suberized endodermis. The epi-
thelium cells are tangentially flat_tened and relatively 
small. Each canal occurs radially opposite a phloem 
group. 
Stem. 
The canals, found in the cortex only, are very 
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inconspicuous and comparatively few. They a.re decidedly 
tangentially flattened aga:1.nst the suberized endodermis 
bounding the primary hard bast. The epithelium cells 
are comparatively small and tangentially flattened. An 
average canal is approximately .03 mm. in diameter 
radially and .06 mm. tangentially. 
Leaf. 
The canals are comparatively inconspicuous, aver-
aging .015 mm. in diameter. They occur singly below 
the veins and in the ground tissue of the midrib below 
the vascular bundle. 
Rhizome. 
Numerous large canals averaging .1 mm •. in breadth 
are found located within the inner cortex. The cells 




A single canal lying in contact with a suberized 
endodermis and averaging .os mm. in diameter is found 
opposite each phloem group (Plate I, Fig. 1). 
Stem. 
This species of Solidago also has canals in the cor-
tex only, located against a suberized endodermis and 
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radially opposite the vascular bundles. The average 
canal is .06 mm. in diameter. Also there are canals 
associated with the suberized endodermis which sur-
rounds each leaf trace as it traverses the cortex (Plate 
II, Fig. 4). The epithelium is not well-differentiated. 
Leaf. 
-. A single canal averaging .06 mm. in diameter occurs 
beneath each of the three vascular bundles of the mid-
rib. Beneath the larger veins is a canal averaging .03 
mm. in diameter ( Plate V, Fig. 9). 
Solidago rigida. 
Root. 
The canals have the same position as in the other 
species of Solidago but are smaller, averaging .o4 mm. 
in breadth. 
Stem. 
The canals of this species are very conspicuous 
because of their size, an average canal being .15 mm. in 
diameter. They are found in the cortex only, radially 
opposite the vascular bundles, with the epithelium in 
contact w5.th the suberized endodermis. 
Leaf. 
Canals averaging .05 mm. in diameter occur in the 
mesophyll and midrib. Those of the mesophyll occur sing-
ly below the larger veins. In the midrib a single canal 
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The root has both.a latex system and canals. It 
is typical of the above-ground parts to have latex ves-
sels only, but in the root a single canal averaging .03 
mm. in diameter is found opposite each phloem group. 
The latex vessels are quite numerous in the cortex and 
phloem. 
Stem. 
Latex vessels occur in the cortex and phloem but 
there are no canals. 
Leaf. 
Latex tubes occur in the ground tissue of the m~d-
rib and in association with the veins. 
Rhizome. 
One to three canals averaging .045 mm. in breadth 
occur within the inner cortex radially opposite each of 
the primary phloem groups. Scattered throughout the 




The Carduaceae, Ambros1aceae and C1choriaceae 
have been studied by a number of investigators 
from both anatomical and microchemieal view points. 
Those principally interested in the anatomical in-
vestigation·of the three families, grouped as one 
family,. the Compos! tae, were ~rrecul (1862), Vu1llem1n 
. . 
(1884), Van Tieghem (1885), and Col (1899). ·I·hese 
investigators recognized certain characteristic· features 
of the secretory systems of the Compositae. It was 
early observed by them that resin canals were widely 
distributed in the Carduaceae and Ambrosiaceae, while 
latex systems distinguished t,he Cichoriaceae. Supple-
menting these earlier anatomical studies the research 
embodied in this pap~r presents a more complete record 
of a large number of species, especially in the Cardu-
acea.e. 
Nearly all the species of Carduaceae·and Ambros-
i'aceae that I have studied have- resin canals present 
1n roots, stems or leaves; however, Senec1o lobatus 
has no specialized secretory system and Aster Drummon-
dii has canals only in the underground stem. Vu1lle-
m1n (1884), however, says that Senecio cordatue has a 
. 
specialized secretory system in the stem~ 
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The roots of species of the Carduaceae present a 
much more uniform arrangement _of the eanals 'than do 
the s'tems, as was recognized by Col. {1899). The 
majority of species, indicated in Table I have canals; 
however none were observed in Amph1aohyr1s draoun~u-
loides, Aster azureus, Aster _ericoides, Aster Drummon-
d11, B1dens frondosa, Eutham1a camporum, Galinsoga cil~-
ata, Grindelia squarrosa and Senecio plattensis. The 
resin canals of the roots are found occurring singly or 
in groups radially opposi-r,e t,heprimary phloem. Special-
ized secret,ing cells forming an ep1t,hel1wn .are not pre-
sent with the canals of the roots. As stated by Van 
Tieghem· {1885), _. we do not recognize specialized secret-
ing cells in the roots because each secreting cell has 
the same form and dimensions as the non-secreting cells 
and each excretes its produc~s into the canal which it 
borders. 11'he comparatively small sizes of canals of some 
species indicated in Table I and the lack of a well-defin-
ed epithelium make it difficult at times to locate can-
als until after treating sections with Scarlet R~ ·rhe 
majority of species have relatively small 1ntercellular-
space canals in the younger roots, which occur in groups 
opposite the primary phloem and against the endodermis 
·when this is present, often forming a broken cylinder a-
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bout the stale. In the genus Solidago the canals are 
comparatively large (Table I) one occurring radially 
opposite each primary phloem group (Plate I, Fig. 1). 
•rhe presence of canals 1n the root,s distant from th~ en-
dodermis is not common but Helianthus st.rumosus has 'can-
als within t.he phloem• -and sca"t t.ered throughout, the cor-
tex {Plate I, Fig.· 4). In only one species of the · Car-
duaceae, Vernonia faseiculata, have I found bot.hres1n 
· canals and a . latex system~ - Here the canals; averaging-
.03 mm. in cross diameter, occur singly -radially opposite r 
each of the primary phloem groups. ·.rhe latex tubes 1n ·• 
this species are dispersed t.hroughout the cortex and 
some are found 'in the phloem. 
Int.he roots of t,he species of Ambrosiaceae stud-
ied by met.he canals in 'the endodermal .region are com~ 
parable to those of the Carduaceae • . -. Ambrosia tr1f1da 
has canals in the phloem of t,heroot also. No secre-
tion system was observed in Iva ciliata. 
In the C1chor1aceae, a latex system 1s commonly 
found 1n the roots as wail as in other parts. The latex 
tubes here are dispersed somewhat in the cortex, and 
mostly radially opposite the phloem, wit,h a few in 'the 
phloem. · 
The species of Carduaceae, excepting Senecio plat-
.:.45_ 
tensis and Aster Drummond11, have canals in some part 
of the stem (Table II); the canals are relatively 
more common in the cortex but sometimes they are found. 
r 
in the phloem and pi~h. Those species having canals 
in the cortex, as indicated in Tabla II, may be divid-
. ' 
ed into two groups according to the location of the 
canals. When an endodermis -is presen't t,he canals char-
acteristically lie with their epithelium against the 
endoderm1s. · '.this characterizes one group,· while in· t.ha 
second igroup the canals are , found dispersed in the cor- -
tex;1 Col (1899) says 'that in the -stem the secretion 
canals are always endodermal in origin. Since my find-
ing a large group of species in which the cortical can-
als are in no way associated with an endodermis Col's 
. -
statement needs modification. Van •.rieghem (1885) makes 
the statement that besides the endodermal secretion can-
. ale others occur in the cortex of stems beneath the epi-
dermis, and in the parenchyma of the le~ves, but, he con-
siders these to be rare. Species men'tioned by Van •.rieg-
hem as having cortical canals not in association with an 
endoderm.1e were Kleninia ner11fol1a, Solidagol1mon1fol1a, 
Solidago aempervirens, Solidago laevtgata and fuscata. I 
find Solids.go canadens1s gilvooanescens, r1g1d1uscula 
(Plate II, Fig. 4), Lindheimer1ana, and rigida to have cor~ 
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-r,ical canals in contact with an endodermis~ There are 
comparatively great differences in sizes of cortical 
canals 1n the various species. The sizes range from 
.008 mm. 1n cross diameter in Heliopais scabra to .05 
and .09 mm. in species of Hel1a.nthus, Solidago and Sil-. 
ph1um (fable II). Position of the canals in relation 
to the vascular system, whether radially opposite or 
alternating with the phloem, varies with the different 
species, but this feature is not stable enough 1n the 
various species for their identification although Soler-
eder (1908) refers to it as being the most useful for 
systematic purposes (mostly as a generi~ character). The 
occurrence of well-defined epithelium cells is not con-
sistent 1n the stem, but is more frequent there than in 
the root. Species of Helianthua exhibit strikingly well-
differentiated secreting cells surrounding canals in the 
cortex (Plate II, Fig. 5). Solereder (1908) says that 
the epithelium is probably of little value as a character-
istic anatomical character, since resin canals devoid of 
epithelium and others provided with it occassionally oc-
cur side by side in the same plant (Lasthen1a glabrata, 
Cynaria corsioa) and that the canals without an epithelium 
do not always appear in all species of a genus (Cacalia,. 
Senecio). I. have observed Mesadenia ( Cacalia) atr1plic1• 
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tolia (Plate II, Fig. 6) ,:,o have canals in.the cortex 
with an epithelium, while Senecio plattensis has no 
canals in the stem. 
Those species having canals within the phloem of 
the stem are not numerous in the Carduaceae. Hel1anthus 
rigidus (Plate ·II, Fig. 2), strumosus and trachelifol-
.,, 
ius were observed to have one or more canals -in each 
phloem group, averaging ~012 mm., .007 mm. and .007 mm. 
in breadth, respectively. 
In 'the Ambrosiaceae, Ambrosia tr1f1da has one or 
more canals in each phloem group of the stem. Vuillemin 
(1884) considers it an exception to find canals located 
within the phloem of the stem. 
Canals 1n the pith are found in a majority of the 
species --- of Carduaceae and Ambrosiaoeae._ These canals 
are smaller on an average than those of the cortex, as 
indicated in Table II, ranging from .009 mm. 1n Ambrosia 
trifida to .08 mm. in Silph1um lacinia·tum. The character-
is~ic position of the canals in the pith is at the peri-
phery where they usually occur opposite .t,he protoxylem 
points in the. various species (Plate III, Fig. 3) • Van 
"' ... ... 
Tieghem (1885) observed canals occurring ei'ther singly 
or several together in the pith of species of Ageratum, 
Carduus, Dahlia, Helianthue, Serratula, Solids.go, and 
Spila.nthes. 
Of t,he Carduaceae I have found only one member, 
Vernonia fasc1culata., to have a latex system in t,he stem. 
In this species the latex tubes are scattered w1t,h1n the 
inner cortex, phloem and more--abundantly in' the pith~ 
·1·recul (1862) speaks of Vernonia praea.lta as having endo-
dermal secretion canals, and Van T1eghem (1885) ha.a found 
latex tubes in the phloem of this species. 
The st,ema of species of C1chor1aceae have secretory 
systems in· the form of latex tubes, a feature said by 
Van T1eghem (1885) and Col (1899) · to be typical of -the· 
group. t find that 'these may occur in the cortex, phloem 
and pith. In the cortex they .. are most abundant within 
t);leinner cortex forming a broken-undulated cylinder 
(Plate· III, Fig. 4) • In Pyrrhopappus earol1nianus, there. 
are latex tu·bes in association w1 th isolated phloem groups 
within the pi-th (.Plate III, Fig. 2) • -
The perennial species of Carduaceae whose underground 
stems I have studied have either canals or secretion 
pockets as typical features. The rhizome may have canals . 
located in the cortex, phloem and pith, as is true ~or the 
above-ground stem also (Plate IV, Figs. 1-6) • .. Helianthus 
strumosus, Helianthus trachelifolius and Silphium epec1osum 
were of this type. The rhizomes of Boltonia latiequama., 
Hel1anthus _r1gidus and. Sol1dago canadeneis gilvocanes-
cens aave canals in the cortex and pith, while Aste~ 
Drummond.ii, Mesadenia a.tripl1c1fol1a, Eutham1a. • camporum, , 
Lepachys pinna.ta, S1lph1um lac1n1atum, Sol1dago L1nd-
he1merianaand Vernoniafasciculata have canals only _in 
the cortex. The species of L1atr1s I have studied have 
corms and the secretion systems found here consist of 
large pockets scattered ~hrough ~he parenchymatous tis-
sues (Plate IV, Fig. 5). ·rhe underground stem of Aster 
er1co1des ,d1d not seem to have a specialized secretory 
system. 
The presence of a specialized secretion system in 
the -leaves of ~he various species of Oarduaceae and 
Ambrosiaceae is as typical of the two groups as is its 
presence in other parts, as indicated in Table III. Senecio 
plattensis, Ambrosia elatior L. and Aster Drummond11 are 
the only species I studied which do not have a specialized 
secretion system in some part of the leaf blade. In the 
leaves, canals may be found, one or more in the ground 
tissue of the midrib and in association with the veins of 
the mesophyll (Plate V, Figs. 1-9). In only three species: 
Ambrosia tr1f1da, Helianthus r1gidus (Plate V, Fig. 7), 
and Helianthus traohelifoliua were one or more canals 
found in the phloem of the midrib, _The position of the 
..:.so~ 
canals of the leaf ls a feature of taxonomic value afford.;. 
1ng the demarka.tion o-r apeeiesinto groups (See page ). 
The usual position of the canals 1s above or below the 
veins; ·however, cases were found where the canals occur 
laterally to a vein. The approximate brea_dth range of_ 
t.he canals is from .003 mm. in Bidens frondosa to .09 mm. 
in Erigeron canadens1s. Only one member of the Carduaceae, 
Vernonia fasciculata, was observed to have-latex tubes in 
the leaf. These, as was characteristic of the canals 
were closely -associated with the veins of_ the meaophyll 
and midrib. 
Latex tubes occur characteristically int.he leaves 
of Ciohoriaceae, where theyare seen to follow -the veins. 
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Table I Summarizing the Cross Diameter 
in mm. of the Canals of Roots • 
Actinomeris altern1fo11a 
Agoseris cuspids.ta 
Ambrosia elatior L. 
Ambrosia. tr1f1da 
Amph1achyr1s draounouloides 
Aster azureus , 
Aster ericoides 






























































.03 (and latex 
system) 
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Table II Summer1z1ng the Location 
and Diameter~ in mm. of the 
Specialized Secretory 
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Latex system in all parts. 
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Latex system in all par~s. 
.05 
Secretory system in the cortex with epithelium 
in contact with ari endodermis. 
Table III Summarizing the Location 
and.Sizes in mm. of the 
Specialized Secretory Syst,ems 
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1anus Latex system in all parts. 
.006 
Senecio plattensis 


















Latex system in all Pa:r~s. 
Key to Species Based on Location, Size, 
and Characteristics of Epithelial Cells 
of the Internal Secretory System 
I. No specialized secretory system present. 
Senecio lobatus. 
Aster Drurnmondii. 
II. Secretory system present (canals) in roots, stems, 
and leaves. 
A. In. the stem the canals are present in cortex, 
phloem and pith. 
1. Cana.ls of the leaf in the mesophyll and 
midrib. 
a. Canals in the phloem of the midrib. 
Helianthus rigidus. 
b. No canals in the phloem of the mid-
rib. 
Helianthus strumosus. 
2. Canals of the leaf in the midrib only. 
a. One canal in the ground tissue below 
the midrib vascular bundle. 
Ambrosia trifida. 
b. Six canals in the ground tissue 
around the midrib vascular bundles. 
Helianthus trachelifolius. 
B. In the stem the canals are present in the 
cortex and pith only. 
1. Canals in the stem cortex with epithelium 
in contact with an endodermis. 
a. Canals of the leaf with cavities not 
over .015 mm. in cross diameter. 
(1) Midrib with two canals; one 
above and the other below 
the central vascular bundle. 
Lepachys pinna.ta. 
(2) Midrib with several canals; 
occurring above and below the 
central vascular bundle. 
Eupatorium urticaefolium. 
b. Canals of the leaf w.ith cavities rang-
ing from .04 mm. to .09 mm. in cross 
diameter. 
(1) Canals of the mesophyll sometimes 
above, sometimes below the veins. 
Solidago canadensis 
gilvocanescens. 
(2) Canals of the mesophyll always 
below the veins. 
Erigeron canadensis. 
2. Canals in the stem cortex with epithelium 
cells apart from the endodermis. 
a. Canals of the stem cortex averaging 
.os mm. or over in cross diameter. 
(1) Canals of the leaf midrib aver-
·aging .03 mm. in cross diameter. 
Silphium speciosum. 
(2) Canals of the leaf midrib aver-
aging .04 mm. in cross diameter. 
{a) Canals of the mesophyll 
occurring above and below 
the veins. 
Silphium laoiniatum~ 
(b) Canals of the mesophyll 
occurring above the veins 
only. 
Helianthus annuus. 
b. Canals of the stem cortex averaging 
.06 mm. or less in cross diameter. 
(1) Epithelium cells of the canals 
well defined; composed of 
rectangular cells. 
Helianthus salicifoiius. 
(2) Epithelium cells of the canals 
not well defined nor rectangular. 
(a) Epithelium cells of the 
canals containing a dark 
brown mass. 
Bidens involucrata. 
(b) Epithelium cells not as 
above. 
l• Canals of the stem 
cortex average .008 
mm. in cross diameter. 
Heliopsis scabre.. 
2' Canals of the stem 
cortex average .o4 
mm. in cross diameter. 
Mesadenia atriplicifolia. 
c. · In the stem the canals are present in the cortex 
only. 
1. Canals of the stem not in contact with an 
endodermis. 
a. Underground stem in the form of a corm 
with large secretion pockets. 
Lia.tris aspera. 
Liatris pycnostachya. 
Liatris punctata. · 




2. Canals of the stem cortex with epithelium 
in contact with an endodermis. 
a. Canals of the stem averaging .05 mr.n. 
or over in cross diameter. 
Solidago Lindheimeriana.. 
Solidago rigidiuseula. 
S olfda go rigida • 
Boltonia latisquama. 
b. Canals of the stem averaging .04 mm. 
or less in cross diameter. 
Erigeron ramosus. 
D. In the stem the canals are present in the pith 
only. 
Lepachys columnifera. 
III. Canals present in stems and leaves only.-
A. Cane.ls in stem cortex with epithelium cells 





B. Canals in the stem cortex not having epithelium 
cells in contact with an endodermis. 
1. Canals in both cortex and pith. 
Bidens frondosa. 
2. Canals in cortex only. 
Galinsoga ciliata. 
Iva cilia.ta. 
IV. Canals present in the roots and stems only. 
Ambrosia eliatior L. 
v. Canals present in the roots and leaves only. 
Aster azureus. 
VI. Canals in the roots only; latex system in other 
parts as well as in the roots. 
Vernonia fascieulata. 
VII. Only a latex. system present. 
Agoseris cuspidata. 
· Lactuca pulchella •· 
Pyrrhopappus caroliniarius. 
The Occurrence and Identification 
of Secretions Stained Red 
with Scarlet R. 
Secretions which stain red .with Scarlet.Ra.re 
found in abundance in the Cardua.ceae, Am.brosiaceae 
and Cichoriaceae. .Sections taken from various 
parts -of the plant show as a rule numerous globules 
of these secretions dispersed in the parenchymatous 
tissues, and in masses in specialized secretory sys-
tems. In many species which have large-cav1t1ed can-
als the secretion exudes easily from the fresh-cut 
surfaces.· 
The tissue of the plant which contains the great--
est number of dispersed globules is bhe meeophyll of 
the leaf. Cross sections of leaves of such species 
, as Solidago canadensis gilvocanescens (Plate V, -Fig.· 1)., 
Amph1achyr1e dracunculoides (PlateV, Fig. 3), Mesa-
denia. atripl1c1fol1a and Boltonia latisquama treated with 
Scarlet R present a striking appearance due to the great 
quantity of d1spersed globules. 
The quantity of secretion in the meaophyll varies 
among the species observed but in each some, eecretion 
was present. The following table gives -a comparison of 
the species based upon the relative amoun~s of dispersed 
globules within the meeophyll of the leaf: 
The Symbol(#) in Table IV Indicates 
Comparative,Amounts of 
Secretion in the 
Leaves. 
Agoser1s cuspidata 

















































































The secretions of the above-and below-ground 
stems are principally 1n the canals, but small glo-
bules are found dispersed 1n all of the 11ving tis-
sues.- If the stem has chlorenchyma the globules are 
abundant, as in the leaf. The frequency and size 
of the canals in the stems of the different species 
indicate -the relative amounts -of secretion. 
Roots have the least amount of the secretion of 
any of the plant parts. Certain.species- are outstand.;;. 
ing for their large canals and abundant secretions• 
such ae species of Solidago and Helianthua. 
Evidence of the na~ure of the secreted materials 
wi th1n the various parts of the plants has been 
sought for by various m1crochem1cal tests. 1fhe micro-
chemical tests have been found altogether satisfactory 
on account of the relatively eaall size -of the glo-
bules present. · 
Chemically different substances have been demon-
strated: fats, ethereal oils, resins and caoutchouc, 
all staining red with Scarlet· R. A fat is an ester 
of glycerol with one or more of the higher fai;t,y acids. 
Essential, or e~hereal, oils consist of a mixture of 
hydrocarbons, mostly terpanes, together w1th alcohols 
such as terpeneol antr 'camphors. The -chemistry of resins 
is not nearly as well known as that of fats and ether-
eal oils. Resin according to Tseh1rch (1934) is neither 
a chemical nor a physical term applied 'to any specific 
substance but 1s one of common usage, as is the term 
tannin, being applied to a group of similar substances. 
Wiesner (1927) considers resins as an'excreted product 
resulting from the plant~s metabolism. Chemically, 
resins are considered very complex substances formed by 
a combination of linkages of various kinds, the majori-
ty of which contain phenol groups, aliphatic acids, alde-
hydes and terpenes. 
The microchem1cal tests have'been carried on only 
with fresh materials. After using Scarlet R for ~he 
differentiation of the contents occurring in the canals 
'and other parts, relative solubility tests were employed. 
These alone may not be considered sufficient to distin-
guish between fate, resins, ethereal oils and caoutchouo 
but do serve for a major part in making this distinction 
possible. The solvents used were alcohol, aoet,one, chloro-
form, acetic acid, carbon disulphide and benzene·. Any of 
these solvents may dissolve various resins, alcohol is 
a solvent, for but very few fats while chloroform and car-
bon d1sulph1d~ are well known fat solvents. Caoutchouo 
is insoluble in aoe~one but, soluble in benzene. Wiesner 
-64-
(1927) speaks of 11Harze•~ as being distinguished from 
.. 
eaoutchouc and guttapercha through the fact that- re-
sin and resin-like materials are soluble in alcohol 
and acetone while the- other two are insoluble. For 
further distinction between fats and resins I have 
used the saponification test for fats. Moenike (1924) 
considered this to be the most critical test for fats. 
For this test I used a concentrated solution of KOH 
in methyl alcohol which has been found to produce mye-
lin bodies within five to ten minutes with any of,the· 
more common plant oils, sugh as castor bean seed oil, 
i 
cocoanut oil, palm oil and others. This reagent taken 
from Tunmann (1913) is superior to other sapon1f1cat1on 
tests in the speed of the reaction. .•rhis test has been 
'carried on with sections first treated with Scarlet R to 
increase the v1sab111ty of theseoretione and also with 
exuded •~ juice•~ carrying dispersed globules which were 
stained red with Scarlet R. Ethereal oils have been teat-
ed for, in addition to the solubility test of acetic 
acid, by using mi_cro-d1stillation. _These tests, in con-
junction with the tabulated solubility tests point to the 
fact that the secretions are resinous in their·. chemical 
nature. The presence of caoutchouc which has been found 
-es .... 
to occur in- a number of the examined plant,s was made 
certain py observing the solubility. •- That 1s, when 
the substance was stained red with Scarlet Rand was 
non-saponifiable but was insoluble in acetone, but 
soluble in benzene, chloroform, alcohol or -carbon di-
sulphide, it was considered to be caoutchouc. A com-
plete 11st of the plants , with the sol~bility of their 
secretion follows·: 
Table V Showing Solubility of 
Secretions···· Wh1 ch Stain 
Red with Scarlet R. 
V 
'x.io 
Agoser1s ouapidata . 
(globules) sol. 





Ambrosia trifida sol. insol. sol. insol. 
Amphi achyri s 
dracunculoidee 1nsol. sol. insol. insol. 




Aster azureus insol. sol. insol. insol. insol. insol. 
Aster Drwnmond-
11. 1nsol. sol. insol. sol~ sol. insol. 
Aster er1co1des 1nsol~ sol. 1nsol. 1nsol~ insol. insol. 
Bidens frondosa 1nsol. insol. 1nsol. 
Bidens involu-
crata 1nsol. insol. insol. 
sol. 1nsol. inaol. 
sol. 1nsol. 1nsol. 
Boltonia latis:~-







sol. 1nsol. sol. insol. 
sol. insol. sol. 1nsol • 
. Eupa'tor1um 
alt1ss1mum sol. sol. p.sol. sol. p.sol. insol. 
Eu.pa.tori um 
ur~icaefolium sol. 















Helianthus annuus soi. insol. sol. sol. 
Hel1anthus·sal1e1-
fol1us insol. sol. inaol. 1nsol. 
Helianthus stru-
mosus sol. sol. p~sol. sol. 
Helianthus tra-
chelifolius sol. insol. 
sol. sol. Hel1ops1s scabra 

























suachya sol. insol. p.sol. 1nsol. insol. insol. 
L1atir1s aspera sol. insol. sol. sol. sol. sol. 
Mesadenia at,r1-












sol. sol. sol. 1nsol. 
sol. sol. sol. sol. 











sol. 1nsol. sol. sol. insol. insol. 











sol. P• soi.· insol. sol. 1nsol. 
sol. P• s01.· insol. sol. ineol. 





Chemical Nature of Secretion Based 
upon Solu'b1l1 ty Tests. 










































Resinous Iva c111at.a 
Laetuca pulohella (globules) Resinous 
(latex) Caoutohouc 
Lepachys pinnata Caoutchouc 
L1atr1s aspera Resinous 
Liatris pyenoetachya Resinous 
Meeadenia atriplicifolia Caoutchouc 
Pyrrhopappus carolinianus Resinous 
Senec1o plattensis Resinous 
Silphium speciosum Resinous 
S1lph1um lac1n1atum Resinous 
Solidago canadens1s gilvocanescens Caoutchouc 
Solidago rigidiuecula Caoutchouc 
Solidago r1g1da Caoutchouc 
Vernonia fasciculata Resinous 
In follovn.ng the development of a number of species 
in their primary permanent tissue stages it has been 
observed that the majority of the young plants do not 
contain the dispersed globules in their parenohymatous 
tissues typical-of the more mature -plants. However, 
the canals did contain secretion during the formation 
of- the primary merietematic tissues. 
Considerable difference- in time of formation of 
the dispersed globules so typical of the mature leaf 
mesophyll has been noted for several species. For this 
purpose plants of· Silphium la~iniatum and specioeum, 
Chrysanthemum leucanthemum and Helianthus strumosus were 
grown 1n the greenhouse. The plant of Chrysanthemum leu-
canthemum whea brought in from the field had a large 
group of basal leaves, but these contained no globules. 
Formation of globules occurred soon after the plant had 
produced its first flowers. The plant of Helia.nthus; stru-
moeus grew to a height of five feet and was ready to pro-
duce flowers when globules began to appear in the leaf 
mesophyll. Silphium laciniatum produced a number of 
large basal leaves without having the dispersed -globules 
until after three weeks.- Silphium speciosum grew approx-
imately two feet tall before globules were observed. In 
each of the latter two ca.see globule formation occurred 
-71--
considerably ahead of flower formation. 
Similar observations•were made of these species 
when they grew in the field which gave comparable 
results~ 
P.ossible functions of these- secretions in the 
plant are not evident. To consider that they actually 
serve as a reserve substance later used in the plant's 
metabolism might seem justified by the large quanti-
ties formed. However, dead parts, especially the 
leaves of certain species, when examined mict;'Ochemieal-
ly exhibit an abundance of t.hesecretion·remaining. 
Species showing this were Solidago canadensis gilvocan-
eacens, Boltonia. latisquama, Helianthus salicifolius, 
Solida.go rigida, Euvhamia camporum, Mesadenia atr1pli-
c1folia, Liatris aspera and pycnostachya. Lloyd (1932) 
in discussing possible uses of caoutchouc to the plant 
says -chat whether the hydrocarbon in question is, in 
the case of the guayule, actually a reserve-substance 
and is actually made use of in met.abolismrequires 
proof which has not yet appeared~ That the presence of 
the globules in the leaves might, serve in drought re-
sistance has been suggested by Transeau (1904). Lloyd 
(1932) says that the view which.hasbeen~adva~ced.from 
< 
time to time, that caoutohouc in the guayule confers on 
the plant some ability to withstand drought, has no 
convincing evidence. 
In a.n attempt, to de~ermine if the globules would 
disappear when the plant was starved indicating their 
being used in metabolism, young .·and old plants were 
brought in and placed in the dark. The young plants 
were taken from the field just after the first evident 
globule formation. The globules remained in the older 
plants but disappeared from the younger plants. Plants 
showing this were Mesadenia atr1pl1c1fol1a, L1atrie 




Photom1crographs of Root Cross S_eotions. 
X76 
1. Solidago rigidiuscula. 
2. AmbrQs1a trlfida. · 
3. Act1nomer1s altern1fol1a. 
4. Helianthus strumosus. 
5. Silphium speciosum (old root). 




Photomicrographs of.Stem Cross Sections. 
1. Bidens frondoaa X 76. 
2.· Helianthus rigidus X 150. 
3. Helianthus rigidua X 76. 
4~ Solidago rigidiuacula X 76. 
5. Helianthua strumosus X 76. 




Ph?tomicrographs of Stem Croes Sections. 
X76 
1. Erigeron canadensls. 
2.· Pyrrhopappus carolinianus. 
3. Lepachye pinnata. 
4.· Lactuca· pulchella. 
5. Ambrosia elatior L. 




Photomicrographs of Rhizome Cross Sections. 
X76 
1. Solidago canadeneis gilvocanescens. 
2. S1lph1um speciosum. 
3.· Helianthue rigidus. 
4. Helianthus strumosus. 
s
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Photomicrographs of ~_eaf Cross Sections. 
1. Solidago canadensis gilvocanescens X 76. 
2._ Silphium laciniatum X 76. 
3. Amphiachyris dracunculoides X 76. 
4~ · Silphium laciniatum ·x ' 150. 
5~ Helianthus salicifolius X' 76. 
6~ Boltonia latisqua.ma X 76. 
8
7 •.•_-- Helianthus rigidus · ~ - 76. 
Erigeron canadensis X 76. 
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